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AINRACT

Results of an experiment providing initial validation of the usc of c.hargc collection spectroscopy
to measure the over]aycr and cpitaxial  thickness ald substratr diffusion length  arc givml for two
CMOS SRAM test cleviccs.

~’hc rcsckh  described in this paper was cmiecl out by the Jet PIopulsioI]  1 aboratoryj  CalifoI [lia Imtitutc  of
I’cchnolo?,y,  under a Cotltract with the Natior):il  Acrm)autks and Spaw Acl{iii]ijstriitiorl.
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‘1’hc accelerating use of commercial parls  in space applications increases the ncccssary,  but expensive
radiation testing for several reasons. l~or cxrrmplc,  idclltifyillg a “fol tuitous]y bard or tolerant” process or
build requires a test survey of manufacturers or lots. Also, because conlmc.rcial  processes unrtcrgo
continual cbangc (to irlcreasc yield, for example), ftigtd lot tcstirl~  is needed to co[lfirll) tl~at the radiatioIl
response is consistent with design-case results from earlier testi[lg.  l~ur(hcr  corltributirlg  to tbc nccci for
testing is the reluctance of commcmial manufacturcls  10 disclose basic construction in for~llatioI]  for a
device, such as whether it’s On bulk silicon or has arl c])itaxial  Iaycr. ~’his  ~~apcr will tend to validate a
simple test method, based on charge collection tccbniqucs  and pcrfonllablc on tile bcnchtop,  that will
auglnent  (and may reduce the need for) accclc.rater-based heavy ion testing, by accurately mcasur-ilig  tl)rcc
kcy physical pararnctcrs, cpi-thickness, ?vcragc OVCI layer tltickncss,  and substrate diffusion lerIgtb.

IIpi thickness is an importa]lt  paran)etcr  contributing, for example, to susceptibility to ]atchup. ‘J’hc
ovcrlaycr tbickncss  is Icss important, except  for ions with rapidly charlp,ing  I l{’l’. llecausc a significant
amount of the collected charge car( come from outside the e~)i layer [ 1 ] [2], the substrate diffusiml  leIIg[lI
controls the ‘Lcxmss”  collected [3].

‘1’otal  collccteci  charge is easily measured  using the tcc.blliqucs  piol)ccrcd by P. McNulty and ltis  studcr)!s,
e.g. [4] [5] : a charge sensitive prc-amp is collncctcd  irl the supply line of a static biased I)U’1’ (device
UIldCr  test) and a histogralll  of the resulting pu]sc distl  ibulion  iS Collcctcd  OJI a InUhi-ChannC]  analyXCI
(M~A).

l’hc test bcvice.s  were drawn from a set of dcviccs  used ill a previc)us study of latchup  vs. epi tbickncss
[6]. 3’hcsc  devices arc special versions of the llat-ris  11S6516 CMOS (p-wc]l)  16Kb SRAMS. ~’wo
sanlp]cs with a grown epi tl]ic.kncss  of 9 pm (reduced  to 501 6 by plot.cssil~~ [7]) were irmdiatcc]  with
fc)ur ellcrgics of alpha particles produced by the ~altcch  \raJl dc Graaff  accelerator. chic (dmiolcd by
lRI<AI1)  had been irradiated in the previous stuc]y with various heavy ioIls wllilc  the other (denoted by
UNIILR) was previously m)irradiated.  collcctcd  char~e lncasulen]cntsj  taken from the McA peak ce.rItc.rs
and calibrated using, a surface barIicr  dctcctol  (SllI>~,  for two cicviccs  al’e Slll]lll  EH’i?CCl iIl “J’able 1.

‘1’AIIIJ;  1. Measured ~ollcctcd  ~hargc  for ‘1’wo 11s6516 I)cviccs ‘1 ,
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I/or the 2 MeV cases, the peaks arc fairly broad duc to localized variations in ovcv-layer stopping
thickness. IIigher  energies arc lCSS sensitive to these variations and the peaks arc quite sharp. Peak
ccntcrs were determined by center-of-mass type calculations on the nlcasured  spectra. Iluring the
calibration it was noted that the ratio of S131) response to initial particle energy was const:tnt  (accurtitc  to
2 digits), indicating that it is unnecessary to disti[lfiuish  ionization stopping power frorr~ total stopping
power for the energies considered hme.

At the lowest energies, the ion stops in (or close to) the epi layer, so collected charge is approximately
proportional to the ion energy as it enters the cpi. ~he] efcm collcctcd  charge ilmreascs with irlcreasing
initial ion energy at the lowest energies. At the hig,hct  enctgies, the alpha particle goes thro@l the cpi
and collcctcd charge decreases with increasing encvgy  because it[cidcnt  1,I;’J’ dccrcascs with ilicrcasing
CIiCrgy,  compensated to some extent  by charge diffusing it] from t[lc substrate.  Note t}lat the lK1<AI)
dcvicc collects much less charge at the highm energies than UN1l<R,  consistent with less charge frojn the
substrate. l)isplaccnlent  damage fron] the earlier lalcllup tcstirl~  rc.duccd the (already sntall)  IIU<AI)

.subsiratc  lifetirllc  to the extent that little  charge is ~ollcctcd  from outside the cpi layer.

.DAT’A  ANAI ,YSIS

A simple quantitative modc]j  verified by ccmputcr  sinlulation  [3], is sufficient to analyze the raw data.
‘J”he model is based on the assumption tltat  collected cl]argc is the su]n ofthc charge liberated in the cpi,
QePi, plUS another contribution, Qdi~f, that diffuses fICJlll  the substrate to the epi. Qdi~~ is COnlpmc.d of
contributions frol[l n~any small  ion track sections. ‘J’hc.se  81Qdiff arc the amount  of charge that diffuses to
tllc  cpi whctl 8iQ is liberated a perpendicular distalwe. Yi below t}~c cpi, Whctl  the substrate diffusion
]cIip,[h  or LC) is small  compared to substrate dilllcllsiol]s  (altl)ost  always true),  sill~p{e  diffasioll  tllcory
produces the equation:

Qdiff = ~ ~iQdiff = >.; ~xp(-yi/LD)  ● 8iQ
QePi dcpc])ds  not o]lly on epi thickness, but also on overlaycr thickrlcss because sornc ions stop in the cpi
and also because ion 1,F.1’ varies with pcllctration  clepth.  ‘1’he deposited charge 6iQ ill all three layers was
clmivcd  fronl the range-energy tables of the. ‘1’RIM code (vcrsiorl  95.0?). A silllplc  col]lputcr  CCXIC
autonlates  these calculations.

l;stimatcs  of ovcrlaycr  thickness, cpi thickllms,  ancl substrate diffusion lengtl)  arc obtai[lcd by attalyz,ing
t}lc cxpcrilnelttal  data with the model. Ovcrlaycr ttlickrlcss  arid c~)i thickl]css should be consistent for
both c{cviccs,  but substrate diffusion lcI)gth is diffclcnt for the two. More weight is given to tlm UNIKK

dcvicc because thrm is likely to be some rccolnbillatioll  loss in the IRRAD  cpi w}lich  rcducm lliodcl
accuracy. }lxccllcnt  agrecme.nt  bctwccrl  the rllodel  and data was produced by the followir~g paral[ictcrs:

average over-layer thickness = 4 jl]ll  (both dcviccs)
cpi  thick[less  = S lllJI  (both devices)

cliffusion length = ] ] .S pnl for the LJNIIW dCViC.C.
2.5 f[rn for IWA1)

Note that ovcrlayer thickness incluclcs  all cte.ad layers atid is a Si equivalent, which will be larger t]lan
actuai physical dimensions if there arc ally vcl-y  dense structures. l’urthcrfl~orc,  the devices tested were
planarimd,  which also tends to increase ovcrlayer tl)ickllcss. l’hcrcforc tllc 4 }lnl esti]nate  is credible, as
alc the flt[cd  epi thickness and diffusion Icngths.



Model predictions derived form the above data arc compared to the measurements in Figure 1. Forcing
the epi thickness equal to 9 pm (the pre-processing, value) dots not agree very WC1l as seen in 1+’igure 2.
Sin~ilar  comparison show that 4 pm is too small and 6 pm is too large.

I’hc substrate contribution to total collcctcd  charge can bc more clearly seen in F’igurc 3 where the model
curve of Figure 1 is plotted norlnalimd to QePi. It is most informative to plot this against iotl  penetr:ition
depth below the over-layer, and the result is shown in Figure 3. It is clear that the substrate supplies a
significant amount of charge for the UN]Rk device,

“I”he full paper will present a larger, fuller test mah ix including results on a modcm commercial p-
substratc  SRAM using the benchtop test mcthoci  with naturally occurring, alpha sources.

CONCI,USION

~hctcchniquc  discussed in this paper provides a cc)nvcllicntj  inexpensive approach to dcterilline  the
effective charge collection depth of integrated circuits. It can not only distinguish bctwccn dcviccs
fabricated on bulk and cpitaxial  substrates, but allows the actual effective epitaxial  thickness to bc
dctcrll~incd.  It is potcntial]y useful as a hardness awla-anc.c  tool to track tllc consistency of charge
collection bctwccn different production rutts  and n]ay also bc useful for initial evaluations of similar
dcviccs from different manufacturers.

~’hc initial cxpcrimcnts were done on dcviccs  with n-substrates, for whic,h the ultderlying  substrate
contribution is slnal]cr  bccausc of the lower can icl lifctilnc.  IJowcvcr, the tcchniquc  is even more
significant for p-substrates, which not only have longer lifetimes, but have tilore  uncmtaillty  (and
potential variability) in the effcctivc  cpi-layer thickness bccausz  of boron diffusion from the highly
dop~d Substrate in the epi.
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